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FIGURE 6-17 - Stockton Tracer Isopleths
August 13, 1990: 0600-0800 PDT
(Concentrations are in fl/1)
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FIGURE 8-11 - MAXIMUM CHI/Q VALUES MEASURED AT EACH SITE:
SJVAQS: JULY 13-15, 1990
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north of Fresno.

3) The Bakersfield tracer always impacts the Sierra to the east and southeast of
Bakersfield. Bakersfield tracer was measured for two different tests at Ash
Mountain, but never penetrated Sierra sites east of Ash Mountain.

8.3 Mass Balance

Tracer gases emitted during the field experiments are transported by prevailing winds.
As dispersion occurs in the atmosphere, portions of the tracer plume reach the
extremities of the sampling gird (i.e. horizontal boundaries). Other portions of the tracer
plume are advected from the study area by winds aloft, which is a difficult mass flux to
assess. To fully gauge the air quality impacts of SJV emissions, it is useful to perform
mass balance calculations of the tracer released to determine how much tracer gas has
been advected or remains in the study area.

Mass balance is an attempt to account for all gas emitted from the source location. The
estimates are most accurate when the tracer passes over an adequately dense network
of air samplers. Mass balance calculations were performed for all releases to identify the
differences in impacts resulting from the different releases. The mass of tracer was
estimated for each hour of each test thus providing a time-series history of the total
amount of tracer in the sample area at any given sampling time.

Typically, with a dense sampler network, mass balance estimates should account for all
the mass released within a few hours of the release. Itis important that the tracer plume
be properly defined within several hours of the release to fully account for the mass
released before there is dispersion into upper air areas. Mass estimates performed in
this manner, such as during the South Coast Air Quality Study (SCAQS), typically
accounted for 90% of the mass within four hours of the tracer release ( Tracer
Technologies, "Southern California Air Quality Study Perfluorocarbon Tracer Data
Analysis", 1991). In contrast, the TAAPs tracer tests were not designed for accurate
mass balance estimation. The TAAPS sampler network contained thirty two samplers
within a sampling area that spanned approximately 45,000 square miles. The network
was clearly not dense enough to provide an accurate representation of the plume
structure needed for accurate mass balance measurements.

In spite of the low sampler density, the mass balance analysis did provide an interesting
result. During the October test, mass estimates accounted for 85% of the tracer 56
hours after the tracer was released. This provides evidence that tracer deposition plays
a relatively small role in the dissipation of tracer through time and implies that transport,
not deposition, is the principle mechanism for the depletion of tracer mass within the
sample area.
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8.3.1 Methodology

Two assumptions were made in performing the mass balance calculations. First, the test
area was divided into 20 km grids and it was assumed that the tracer was uniformly
mixed within each grid up to the mixing layer height. Secondly, a three day average
mixing height was calculated for each 2 hour period for using the August data available
for the three days prior to the intensive at each location where mixing height was
measured.

The mass balance was calculated using the tracer data collected during the two intensives
and mixing height data obtained from the San Joaquin Valley Air Quality Study. To
calculate the mass of tracer for each test, the study region was divided into zones
measuring 20 kilometers by 20 kilometers each. For each two hour period a
representative concentration for each grid zone was calculated using a 1/r? weighting for
all the tracer data collected. A representative mixing height was calculated using 1/r?
from all mixing heights measured for that two hour period. The mass in the grid was
then calculated by determining the volume in each grid (20 km * 20 km * mixing height)
and multiplying by the representative concentration for the specific grid. The total mass
for the two hour period was then calculated by totalling the mass from all the grids for
the respective two hour period.

8.3.2 Results

Accurate mass estimation requires a dense sampler network to precisely define the
plume dimensions within a few hours of the release. Mass estimates performed for
other PFT studies, such as the South Coast Air Quality Study (SCAQS) accounted for
up to 90% of the mass released within a few hours of the release (Tracer Technologies,
"Southern California Air Quality Study Perfluorocarbon Tracer Data Analysis",1991).

The SCAQS test consisted of 50 sampling locations within the Los Angeles Basin,
providing an excellent network for this type of analysis. The sampler density for the
TAAPS study was not optimal for accurate mass balance estimates. Normally, the mass
will be accounted for within a few hours of the release before the tracer has a chance
to disperse into the upper atmosphere. Unfortunately, the sampler density for this study
did not enable a precise definition of the plume for a majority of the releases.

During the October intensive, the meteorological conditions were very stagnant in the
valley which allowed the Fresno tracer to slowly migrate over a large portion of the SJV.
Since the tracer was fairly evenly spread over such a large area, thus intercepted by
several sample sites, the TAAPS sampler network was able to adequately define the
tracer plume. The Fresno tracer mass estimates for the October test are presented in
Figure 8-14. The mass estimates for the Fresno tracer account for approximately 85%
of the tracer during test periods 15 and 27. Since the tracer was accounted for more
than two days after the release within a 15% error margin, this suggests that very
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FRESNO TRACER, OCTOBER TEST
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little deposition losses occurred. From these data it is reasonable to assume that no
more than 15% of the tracer was lost due to deposition. It is important to note that this
is an upper bound for deposition because the assumption is that deposition was
responsible for all the unaccounted tracer. This is highly unlikely since there were
probably some losses due to transport out of the grid, particularly in the vertical
Secondly, one would expect even less deposition during more typical days when wind
speeds are substantially greater in the SJV. Finally, the 15% deposition estimate is well
within the experimental error for a mass balance calculation.

This result demonstrates, as expected, that deposition plays a very minor role in tracer
depletion and that transport is the principal mechanism by which tracer is removed from
the sample area. The tracer will either be transported by winds outside of the sample
area or advected above the mixing layer into the upper atmosphere thus providing a
powerful indicator for the transport mechanisms involved.

Figure 8-14 also indicates the difficulty in attempting to do a mass balance with the
diffuse sampling network. If one looks at the plot, the amount of tracer "disappears”
during the test and then returns. Obviously the tracer is always present but the sampling
array does not accurately reflect all of the tracer.

Due to the inadequate sampler density, the mass evaluations resulting from the
remaining releases grossly underestimated the amount of tracer released. The best
remaining mass estimates were calculated for the Stockton and Fresno releases of the
August test. Both estimates accounted for approximately 30% of the mass released.

8.4 Representativeness of Test Days

In this section, an attempt is made to determine the frequency of the test conditions
during summer and fall. Comparing meteorology of different time periods is an
extremely different task. To simplify the task, we decided to compare the ozone
concentrations at Fresno for test and non-test periods. A study of the ozone
concentrations will provide an overall view of the meteorology and dispersion
characteristics during a given period and provide a simple method for comparing test
days to non-test days. The Fresno ozone concentrations for the 1990 July - October time
period are shown in Figures 8-15 and 8-16.

TEST 1 - Breakdown of Ozone Episode

The August 12-14 test demonstrated the breakdown of a typical summer ozone episode.
Prior to the test period, ozone concentrations at Fresno were measured as high as 13
pphm for two days. Once the test began, ozone concentrations decreased steadily during
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the test. On the last day of testing the highest ozone concentration measured at Fresno
was 7 pphm.

During the July-October time period there were three other periods similar to the test
period: July 15-17, September 11-13, October 15-17. All these periods were
characterized by moderately low ozone concentrations following a period of ozone
concentrations greater than 10 pphm. Including the test period, there were 9 days during
the July-October period that were similar to the August test days.

TEST 2 - Stagnant Condition

The October 24-27 test was a typical stagnation period during which ozone build-up
occurs in the San Joaquin Valley. Ozone concentrations at Fresno were relatively high
for the duration of the test period ranging from 8 to 11 pphm, relatively high for
October.

During the July-October period there were six periods similar to the October test where
ozone concentrations were greater than 9 pphm for two or more days. These periods are
July 10-15, July 28-31, August 1-13, September 8-11, September 29-October 1, and
October 10-12. Including the test period, there were approximately 37 days during the
July-October time period that were similar to the October test days.
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9.0 CONCLUSIONS

During this study tracer gases were used to determine the transport of pollutants from
source areas in the San Joaquin Valley to receptor areas in the Sierra Nevada. Several
data analysis techniques were applied to define transport into the Sierra Nevada range.
A complete isopleth analysis was performed to provide a time-series definition of the
plume. A trajectory analysis was completed to determine whether tracer transport could
be predicted by surface level winds. A direct comparison of ozone and tracer
measurements was conducted to determine the extent of correlation between pollutant
impacts in the Sierra with tracer concentrations from different source areas. A
comparison of normalized tracer concentrations was used to resolve the effects of the
three source areas on different regions of the Sierra Nevada. Finally, mass balance
calculations were performed to verify the amount of tracer released and to gain
confidence that the tracers used accurately depict air mass transport.

This study has provided informative insight into the transport of pollutants from the San
Joaquin Valley and the use of atmospheric tracers in studying pollutant transport. The
major findings of the study are summarized below:

1. Tracers are an excellent indicator of pollutant transport. Results from the study
indicate that the tracers are excellent surrogates for determining pollutant
transport. Comparisons made between ozone and tracer concentrations show that
there is an almost perfect correlation between the Fresno tracer and pollutant
impacts at two Sierra locations. This implies that the ozone measured at these
locations is transported from Fresno, thus implying that the that the ozone
measured at these sites can be fully attributed to the Fresno area. Secondly,
deposition losses are minimal such that transport is the main mechanism by which
tracer is removed from the study area. This precludes any depletion of the tracer
within the study domain that could underestimate the effects of source areas on
pollutant impacts.

2. Pollutant flow is predominantly transported into the Sierra through river valleys
and canyons. Occasionally, pollutants will get mixed aloft and transported down
into the Sierra, but the majority of the transport occurs through river valleys and
canyons. The mechanism by which the pollutants are transported into the Sierra
is fairly complex. The tracer tends to be initially pushed up against the Sierra
foothills whereupon the tracer slowly seeps into Sierra regions via major canyons
and river valleys. During nighttime, there is diurnal drainage that moves the tracer
back into the foothills but once into the early daylight hours, a return flow is
established which tends to push the tracer back into the upper Sierra. Nocturnal
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drainage flow provides minimal effect in removing pollutants from the Sierra
foothills into the San Joaquin Valley.

3. Pollutant transport is dominated by upper level winds within the mixing layer.

Trajectories calculated from surface level winds grossly underestimate the

movement of pollutants. Under moderate windspeeds, trajectories calculated from
winds adjusted to 1000 meter levels provided reasonable estimates of the plume
movement in the San Joaquin Valley, but failed to provide sensible estimates once
the plume reached the Sierra foothills. This indicates that pollutant transport n
the San Joaquin Valley appears to be dominated by upper level winds.

4. Stockton and Fresno emissions have the greatest impact on air quality in the
Sierra Nevada. Normalized results from the testing performed indicate that
emissions from Stockton and Fresno influenced a large portion of the Sierra
Nevada from Yosemite to the Tehachapis. In contrast, Bakersfield emissions were
very localized. Bakersfield emissions only impacted the southern regions of the
Sierra. These findings were validated with data obtained from the SJVAQS.

5. Test days were representative of approximately 40% of the July through October
time period. A comparison of ozone concentrations measured at Fresno during
test and non test days during the July - October time period showed that there
were 9 other days similar to the ozone episode breakdown in the August test, and
33 days similar to the stagnant conditions experienced during the October test.

There are several major pathways for pollutant transport into the Sierra. In the northern
Sierra, the Merced River Valley is a pathway from the SJV into Yosemite. In the central
Sierra, the San Joaquin River Valley is an entry way through which pollutants are
transported to Wawona, Mammoth Pool Reservoir, and Dinkey Creek. To the east of
Fresno, the King’s canyon is an entryway to Cedar Grove and Giant Forest. East of
Visalia, the Kaweah River Valley is a pathway to Ash Mountain and Giant Forest. In
the southern Sierra, the Kern River Canyon is a passage to Democrat Station and Lake
Isabella.
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